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Aerodynamic Focusing of Large Particles
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UIREMENTS:

• Direct a Stream of Large (> 10 µm) Particles for Fa
Measurement Applications

• Increase Particle Flux / Reduce Particle Stream Are

• Operation at Nominally Atmospheric Conditions

• Operation Preferably With Air or Nitrogen
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Aerodynamic Focusing of Large Particles
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using Has Been Demonstrated

• Particles Smaller Than a Few Micrometers
• Pressures at Atmospheric and Less
• Focusing Depends on Particle Stokes Number
• Increased Focusing Can Be Obtained With Mu

Systems

ond Type of Focusing System Selected for This W

itional Considerations for Focusing Larger Partic

• Gravitational Settling
• Particle Impaction on the Upstream Side of the
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• Flow Attachment Considerations Bring in Reyn
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ticle Stokes Number

• Stk = τ Uup / d

centration Factor

• Radius of initial Streamline Divided By Radius 
Streamline

• Square of Concentration Factor Gives Enrichm

Uup
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CULATED CONCENTRATION FACTOR

ditions

• Flow Directed Down-
ward

• Gravity Included in
Calculation

• P = 1 atm

• T = 295 K

• U = 86.5 cm/sec

• Re = 300

• Dup = 0.533 cm

• d = 0.267 cm

• Ddn = 0.40 cm

Stk = 1.0 d

Concentration 

Stk = 0.4 dp

Concentration F

Stk = 2.0 d

Concentration 
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AVITATIONAL SETTLING

 Particle Gravitational Settling Velocity Can Be 
ignificant Fraction of the Gas Flow Velocity

elect Flow Velocity To Be At Least 5, Preferably
the Particle Settling Velocity

• This Acts to Increase Reynolds Numbers in the Tu

perate Vertically So That Particles Settle in the 
Direction

• Vertical Operation May Have to Deal With Saffma
• Toward the Wall For Downward Flow
• Toward the Center For Upward Flow
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ultiple Lens Systems

• Flow Exiting a Lens as a Jet Must Re-Attach to the T
for the Next Lens to Function

• Without Re-Attachment, Flow Recirculation Is Estab
Between the Lenses In the Annular Region Around 
Central Core

• Particles Continue Through Core Region Without Fo
• Correlation for Re-Attachment Length

• Linear With Reynolds Number
• Sensitive to Expansion Ratio

pped Approach

• Making Subsequent Tube Diameters Smaller R
Attachment Length

BE REYNOLDS NUMBER

d
Uup Dup Ddn
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ge Particles Can Impact on the Upstream Face o
erodynamic Lens

ndition for Impaction In Laminar Flow

• Stk > 0.213
• Gravitational Settling in Downward Flow May C

Impaction at Lower Stk

e of Sheath Flow Can Eliminate Impaction

• Necessary Only for First Lens
• With Focusing, Particles Aligned for Subseque

PARTICLE FLOW

GAS FLOW

GAS FLOW PARTICLE TRAJE



/jebrock/COLD_SPRAY/IAC98.CS.frm9

Aerodynamic Focusing of Large Particles
CO

Hig
F

r rticle
L

ticle - Gas

 Separate
ith Clean

e Particle

p

7/7/9

Ae

Ex
Engineering Sciences Center

/home

NCENTRATION EFFECTS

her Particle Concentrations May Be Desirable for
abrication Applications - High Mass Flux

odynamic Focusing May Degrade With Higher Pa
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• Inter-Particle Distances May Violate Single Par
Interaction Assumptions

• High Concentration Aerosols Can Behave as a
Fluid with a Higher Density When Interacting W
Gas - Cloud Effects
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PERIMENTAL RESULTS

erimental Demonstration of Aerodynamic Focusi
arge Particles

• 3 Stage System
• Tube Diameters = 9.5 mm, 7.6 mm,

6.1 mm
• Orifice Diameter = 0.5 Upstream Tube

Diameter
• Final orifice = 3 mm

• 3.7 ALMP He Total FLow (Minimal Sheath
Gas Flow)

• 15 µm Aluminum Particles
• High Loading

• Final Aerosol Beam Diameter = 1 mm
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NCLUSIONS

erodynamic Focusing Can Be Accomplished With
(>10 µm) Particles

nertial Impaction of Particles on Upstream Face of
Focusing Element Can Be Eliminated With Shea

ravitational Settling of Particles Must Be Conside
• Keep Gas Velocity “Large” Compared to Particl

Velocity
• Operate Focusing System With Flow in the Ver

tion

low Re-Attachment Necessary in Multiple-Stage S
• Keep Reynolds Numbers Low
• Use Stepped Stages With Decreasing Tube Dia

uture Work
• Further Experimental Investigation
• Investigate Particle Loading Effects
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